Objective-To investigate the long term outcome of selective ramisectomy denervation in patients with botulinum toxin resistant spasmodic torticollis. Background-The published surgical series of ramisectomy treatment for torticollis do not provide systematic information on patients who develop resistance to the current standard of treatment-botulium toxin injections. Moreover, there is little information on surgical outcome using rating scale measurements of torticollis, or assessments of functional and occupational capacity. Methods-Using a structured interview format and videotape assessments of severity of dystonia in a retrospective fashion, detailed follow up information was obtained on 16 patients who underwent open label selective denervation for severe, disabling torticollis, refractory to injections of botulinum toxin. Results-Of 16 patients with disabling torticollis followed up postoperatively for a mean of 5 years, six (37.5%) had a moderate or complete return of normal neck function, as determined using functional capacity scales, whereas 10 had only minimal relief of dystonia or gain in function. Six of the 16 patients (37.5%) underwent a second peripheral denervation operation, and one required a third. Of 11 patients working outside the home before surgery, nine were disabled by dystonia, and only one continued to work after surgery. Dystonia rating scale scores of videotaped examinations using a modification of the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) improved in 12 of 14 patients (85.7%) who underwent selective ramisectomy. When patients with primary botulinum toxin resistance were excluded, the magnitude of benefit for this subgroup was 31.9% of the baseline dystonia score (p<0.0002), comparable with the degree of improvement in a group of control patients receiving botulinum toxin treatment for torticollis. Conclusion-About one third of patients with torticollis resistant to injections of botulinum toxin may derive modest long term functional improvement from selective denervation, with a reduction in dystonia by about 30%, but remain unable to work. (J Neurol Neurosurg Psychiatry 1998;65:472-478) 
Modern peripheral denervation surgery for torticollis was pioneered by Keen in 1891, 1 and refined over the past century as surgical techniques improved. Selective ramisectomy is the currently preferred operation, 2 although no direct comparison between diVerent surgical techniques has ever been performed. Despite many reports of therapeutic success, the long term outcome of surgical denervation is diYcult to assess. In general, the surgical series do not use consistent or rigorous outcome measures, rating scales for torticollis, descriptions of functional capacity, or adequate follow up. Moreover, most surgical series were performed during an era when ramisectomy could be considered a first line treatment for torticollis due to the lack of eVective alternative therapy. Since the advent of chemodenervation as the standard treatment for torticollis, an assessment of the role of peripheral surgery for patients who have become resistant to botulinum toxin is of special interest. Important issues pertaining to patient selection, prognostic factors, and functional outcome all require further study.
Methods
Between 1986 and 1995, 18 patients followed up at the Center for Dystonia, ColumbiaPresbyterian Medical Center underwent selective extradural ramisectomy procedures for severe, intractable torticollis, refractory to medications and botulinum toxin A injections. Patients were identified through a computerised database, and contacted for follow up assessments if they were no longer being treated at our institution. Of these 18 patients, detailed clinical information and long term follow up assessments were available on 16 patients, who form the basis for this report. Clinical information was obtained retrospectively from the patients' medical records, records of botulinum toxin injections, operative reports, and videotaped examinations. Baseline and follow up videotaped examinations were available on 14 patients. Patients had rotational torticollis, laterocollis, retrocollis, or a combination of these abnormal postures.
All patients were referred to outside institutions for surgery. The operations were performed by four surgeons at three medical centers (University of Montreal, Canada; Mayo Clinic, Rochester, Minnesota, USA; and Mayo Clinic Jacksonville, Florida, USA). For rotational torticollis, surgery consisted of a unilateral extradural rhizotomy of C1 and C2, with section of the posterior primary divisions of C3 to C6, and contralateral spinal accessory nerve 2 For laterocollis, the ramisectomy was ipsilateral to the sternocleidomastoid denervation. For retrocollis, the procedure was a bilateral section of cervical roots and posterior rami, C1 to C5.
Detailed follow up information was obtained using a structured interview format, conducted by telephone or in the oYce between 14 and 111 months after each patient's original ramisectomy, with a mean follow up of 59.5 months. We obtained retrospective descriptive information on functional and occupational capacity, medication usage, requirement for continuing botulinum toxin injections, and patients' estimates of the long term eVect on neck dystonia and pain.
For the purposes of this analysis, we attempted to quantify five domains of the clinical data using simple descriptors and rating scales: activity of daily living (ADL) capacity, occupational status, medication usage, pain, and an overall functional status, estimated by the interviewer (table 1) . Although patients described their condition using terms like "moderately disabled", "partly disabled", "mildly disabled", the subjective nature of these descriptions precluded a meaningful quantification of the degree of impairment. As such, we defined baseline ADL capacity simply as unimpaired, impaired, or disabled. The change in ADL capacity after surgery was estimated as worsened from baseline, unchanged, improved with residual impairment, or improved to normal. Occupational status for those working outside the home was designated as working or disabled, based on the patients' reports of attendance at work. The eVect of surgery on pain was estimated as providing no benefit, pain reduction, or relief of pain. The need for medications to control dystonia or pain postoperatively was compared with baseline, taking into account the number of medications as well as daily dosages. Medication requirement postoperatively was designated as increased, unchanged, reduced, or discontinued. An overall clinical status was estimated by the interviewer using a simple four point rating scale that took into account the eVect of surgery on head position and pain, the current functional and occupational capacity, and the need for ongoing treatment: 0=no improvement in dystonia, or worse dystonia; 1=mild improvement in dystonia, enabling limited gain of function; 2=moderate improvement in dystonia, enabling patient to function with only minor limitation or discomfort; 3=complete or almost complete resolution of torticollis and return of normal function.
All videotaped examinations were performed by movement disorder specialists using a routine protocol that assesses neck position during quiet sitting, neck movement in all directions, standing, and walking. The follow up videotaped examinations were made between 3 and 96 months after surgery, with a mean of 36.3 months. Standardised videotaped examinations were evaluated by two observers (BF, EL) shielded as to the surgical status of each patient's videotape segment. Ratings were performed using a modification of the TW-STRS scale 3 4 that we could conveniently apply to videotaped examinations (table 2). Six four point items assessing head position, range of motion, presence of tremor, and a global estimate of severity were used, as well as a six point duration rating, weighted by a factor of two. To validate this rating scale and to provide a standard of comparison for the surgical outcomes, we used videotape segments from a previous double blind, placebo controlled trial of botulinum toxin A injections 5 for a comparison group. Videotaped examinations of patients before and 6 weeks after receiving botulinum toxin A injections were rated by the same two reviewers, blinded to treatment status, using the same rating scale. For the surgical patients, rating scale scores from the preoperative baseline examination and the most recent follow up were compared using paired t tests. Videotaped examinations of the botulinum toxin control group at baseline and after treatment were also compared in this manner. The percentage change in total rating scale scores was calculated for all patients. Severity scores, duration factors, and a global severity duration rating were analysed separately. The between rater reliability was high for all items of the rating scale applied to both groups (r=0.9048, p<0.0001).
Results
The outcome of selective ramisectomy was evaluated for 16 patients with refractory torticollis, comprising five men and 11 women (table 1). The age of onset of torticollis ranged between 28 and 54 years, with a mean of 45.8 years. The patients' ages at surgery ranged between 39 and 63 years, with a mean of 52.6 years. Fifteen patients had idiopathic dystonia, and one with retrocollis had presumed tardive dystonia after metoclopramide use. All patients complained of disabling neck postures. In 14 patients, unrelenting pain was a main component of the torticollis. The primary direction of dystonia was rotational in 11 patients, laterocollis in three, and retrocollis in two, although 11 patients had combined movements. There were no patients with pure anterocollis in this series.
All patients underwent botulinum toxin A injections during the early years of treatment. Three patients never improved with botulinum toxin injections and were thus considered to have primary resistance. Twelve additional patients eventually developed clinical resistance to botulinum toxin injections, as defined by an absence of benefit and the lack of atrophy after an injection; in seven of these patients, the presence of antibodies to botulinum toxin was detected using the mouse assay. 6 In 15 patients, the decision to undergo surgery was based on the development of resistance to botulinum toxin injections, and to refractory pain and torticollis. The remaining patient elected to have surgery because he could not aVord the botulinum toxin injections.
According to postoperative notes and retrospective data collection, 12 patients described less dystonia and pain immediately after surgery. For 11 of these patients, this beneficial eVect was not sustained, and a subsequent gradual deterioration ensued over the next several months. Two patients who derived benefit from the surgery experienced an abrupt deterioration in torticollis after minor neck trauma several months postoperatively. Two patients worsened immediately after surgery, including the patient with the worst outcome of the entire group (patient 3). After surgery, his torticollis increased greatly, and he experienced generalised spread of dystonia. He underwent a second peripheral denervation within six months, followed 12 days later by a stereotactic thalamotomy for intractable dystonia. It is speculative as to whether the surgery caused his dystonia to spread, but peripheral trauma is a well known precipitant of dystonia. The other patient whose torticollis worsened after surgery developed spread of the dystonia to craniofacial structures, and required additional medication to return to his preoperative state. Due to declining benefit, six of the 16 patients (37.6%) underwent a second peripheral denervation operation, and one patient required a third. Other than worsening of dystonia in two patients, there were no significant complications reported.
After a mean follow up interval of 5.2 years, six of 16 patients had a moderate or complete return of normal neck function, designated as 2 or 3 using the functional capacity scale (table  1) . Eleven patients had worked outside the home in full time professional careers when they developed torticollis. Of these 11, nine patients became disabled due to torticollis and two carried on in their work. After surgery, only one patient was able to continue working, and no patient previously disabled returned to work. Of 14 patients experiencing intractable neck pain preoperatively, eight (62%) had sustained relief of pain after the procedures.
Patients were asked to estimate the eVect of surgery relative to their most successful injections of botulinum toxin. This retrospective inquiry is subject to recall bias but is instructive because such a comparison has not been previously performed. Two patients stated that the botulinum toxin injections gave greater relief of dystonia and six stated that surgery was superior. Three patients derived equal benefit from botulinum toxin and surgery, four patients thought that the techniques were equally ineVective, and one person was unable to estimate.
Compared with their preoperative status, eight of 15 patients medically treated before surgery were taking less medication for torticollis at the end of the follow up interval, including three patients who were able to discontinue their medication. Five patients were taking the same medications in the same doses at the follow up interview, one patient was taking more medication, and one patient who took no medications before surgery was still on no medication.
Dystonia rating scale scores of videotaped examinations improved in 12 of 14 patients (85.7%) who underwent selective ramisectomy (table 3) . The magnitude of change in dystonia rating scales ranged from +150% to −70.3%, with a mean change of −15.4%, denoting improvement. The two patients with a poorer postoperative score both had primary resistance to botulium toxin injections. The eVect of one patient who deteriorated severely postoperatively was suYcient to prevent significance in the change in scores for the group as a whole (paired t test=2.15, p=0.051). The result from this patient could not have been predicted in advance, and he is included in the analysis, despite being an outlier. If this patient were excluded from the analysis, the mean change of rating scale scores would be −28.1%, ranging from +17.4 to −70.3 (p=0.0003). If patients with primary resistance to botulinum toxin injections were excluded from the analysis, the mean improvement in rating scale scores was −31.9% (p=0.0017). When the severity and duration portions of the rating scale scores were analysed separately, the duration factor showed a significant improvement for the entire group (p=0.0422). The sample size was too small to allow identification of specific factors that could predict surgical outcome. Videotape ratings of the comparison group of patients treated with botulinum toxin showed improvements in 13 of 14 patients (92.8%) in modified TWSTRS scores. The scores ranged from +5.0% to −46%, with a mean improvement of −26.5% (paired t test=6.58, p<0.0001). All patients in this group had rotational torticollis or laterocollis. The mean baseline severity scores for the botulinum toxin group did not diVer significantly from the baseline scores of the patients undergoing surgery (Student's t test=0.60, p=0.550).
Discussion
Since the development of selective denervation techniques for torticollis, numerous surgical series have been published. 2 7-26 Many of these studies describe complete relief of dystonia or marked improvement in most patients, with reports of success ranging between 53% 15 to 88%. 2 24 In most surgical series, the primary outcome measure is the patients' own reports of success, a potential source of bias in judging an unblinded procedure. The largest surgical series 2 includes 260 patients, of whom 106 (40%) experienced an excellent result, with no detectable abnormal movements postoperatively; 124 patients (48%) had a very good result, with only slight residual abnormalities of head posture or movements. However, as in the smaller series, the duration of follow up is not given, and it is not certain what percentage of patients had a subsequent evaluation. Despite many reports of therapeutic success, and the demonstration that intricate denervation can be carried out safely, the many published surgical series give little information on long term outcome, disability factors, severity of dystonia based on direct examination by shielded reviewers, occupational functional capacity, need for reoperation, subsequent medical treatment, patient selection criteria, or prognostic features. Moreover, with the emergence of botulinum toxin chemodenervation as a safe and standard treatment for torticollis, an analysis of surgical denervation for patients who have undergone injections is especially warranted.
The present study, although providing a retrospective analysis of only 16 patients, attempts to consider some of the methodological problems of the surgical series. We provide detailed follow up information on 16 of 18 patients (88.9%) who were referred from Columbia-Presbyterian Medical Center to undergo the procedures. We quantify dystonia severity using blinded ratings of videotaped examinations, and provide a comparison group of patients with dystonia of similar severity, treated by botulinum toxin injections.
Among patients with disabling torticollis resistant to botulinum toxin injections, we found a long term success rate of less than that reported in the surgical literature for selective ramisectomy, and a high incidence of reoperation. Of 16 patients followed up for a mean interval of almost 5 years, only one (6.3%) could claim to have been cured, with a complete resolution of dystonic neck posturing, elimination of pain, and a full return to his career. Five (31.3%) patients were moderately improved in functional capacity, but continued to require medication for dystonia or botulinum toxin injections. Five (31.3%) patients derived only minimal relief from Range of motion and eVort (rate for plane of motion that appears most limited): 0 Full range of motion, without obvious eVort 1 Can move head well past midline, or can achieve full range of motion only be exerting obvious eVort 2 Not able to move head past midline, or past midline only with great eVort 3 Barely able to move head past the abnormal posture, or moves past abnormal posture briefly only with great eVort ) , usually submaximal or occasional (<25%) maximal dystonia 3 Frequent (>50%), usually submaximal or intermittent maximal 4 Constant dystonia or frequent maximal 5 Constant maximal dystonia *Estimated duration of maximal dystonia as % of time dystonia is present during each video segment. This score is weighted ×2. The maximum possible total score, combining severity items and the weighted duration factor (×2), is 28. Torticollis ratings are a modification of the TWSTRS (see table 2 ). The percentage change in score refers to the baseline score. A negative change in the modified TWSTRS score, meaning a reduction in score, represents a lessening of torticollis severity; a positive change denotes an increase.
All ratings are the mean of two blinded observers (r=0.9048, p<0.0001). Mean change in dystonia scores for ramisectomy patients 15.3% (paired t test=2.15, p=0.051). Mean change in dystonia scores for botulinum toxin patients 26.5% (paired t test=6.58, p<0.0001). Baseline dystonia scores, comparing ramisectomy patients with botulinum toxin patients, showed no significant diVerence (Student's t test=0.60, p=0.550).
torticollis, four (25%) were unchanged, and one (6.3%) had progression and generalisation of dystonia. Although patients may experience improvements in neck position that can be seen on videotaped examinations, the degree of functional improvement is rarely suYcient to reverse an occupational disability. Of 11 patients working outside the home and disabled from their careers, only one patient had returned to full time work at the follow up interval. Review of videotaped examinations by blinded observers provides an objective measure of surgical outcome. Rating scales of severity were determined at a mean follow up of 36.3 months for 14 patients, of whom 12 (86%) showed an improvement in head position after selective denervation. The degree of improvement for the group as a whole was small, approaching 15% (p=0.05). When those with primary resistance to botulinum toxin injections were excluded, the degree of improvement was about 30%, comparable with the degree of change in a double blind, placebo controlled study of botulinum toxin. 5 The use of rating scales to assess videotaped examinations can remove bias from the assessment, but does not measure subjective elements such as pain and disability. Although 12 of 14 (87.5%) patients were improved judging by videotape segment ratings, only six (of 16 patients overall, 37.5%) had important functional gain. As such, even significant improvements in dystonia rating scale scores do not necessarily translate into functional benefit, underscoring the need to use functional scales in assessing the outcome of a treatment for a disabling condition.
Our results indicate that most patients undergoing selective ramisectomy may anticipate a mild to moderate degree of improvement, but that the excellent results and cures often encountered in the surgical literature are more elusive. The potential reasons for this discrepancy are several, and could include the longer duration of follow up in the present study and the emphasis on functional outcome measures. Most surgical series emphasise patients' reports of satisfaction with the procedure, a potential source of outcome bias. 16 Many patients reported an initial benefit after surgery, and this would have resulted in a better outcome had the follow up interval been shorter. It is also possible that patients we referred for surgery had more severe dystonia of longer duration than the patients in the surgical series, many of whom underwent selective denervation as a primary treatment, before the widespread use of botulinum toxin.
Botulinum toxin chemodenervation has been the treatment of choice for torticollis because of its superior eYcacy to placebo in double blind, placebo controlled trials. 5 However, patients who receive repeated injections of botulinum toxin may develop resistance to this therapy. 6 27 Resistance to chemodenervation was the primary reason for surgical referral in the present study, and this subgroup of patients represents a therapeutic challenge. As more patients develop resistance to the strains of botulinum toxin, surgical intervention will be increasingly considered.
The relative eVects of surgery and botulinum toxin have not been studied to date. In the present study, we evaluated videotaped examinations of patients treated with botulinum toxin A injections as a control for the surgical group. The magnitude of change in dystonia rating scale severity scores was comparable for botulinum toxin injections and surgical denervation. In theory, surgery oVers a more extensive denervation than is possible using injections of botulinum toxin, even when guided by EMG. As such, we have regarded surgery as a last treatment resort for patients with intractable or botulinum toxin resistant torticollis. The patients who underwent ramisectomy in the present series were asked to retrospectively compare the eVect of surgery with their best response to a botulinum toxin injection but a direct comparison of surgical denervation and botulinum toxin injections has never been made, and requires a prospective design.
The reasons for the failure of extensive surgical denervation have been speculated to include inadequate postoperative physical therapy, sprouting of severed nerve roots, and re-innervation of deeper, inaccessible muscles. 28 With long term follow up, it is possible that the dystonia itself becomes more severe or widespread, 29 30 as happened to one patient. Also, complicating factors such as the development of cervical spine disease may begin to contribute to the pain and disability of patients with torticollis. In our population, no patient underwent cervical spine operations, but systematic data on cervical disc disease or signs of root or spinal cord compression were not collected. For many patients, torticollis represents an unrelenting pain syndrome, which can be complicated by the depression that in turn contributes to disability.
What are the indications for surgery in patients with torticollis? Which factors predict a better outcome? Within the limitations of a retrospective study, we may conclude that selective ramisectomy is a useful treatment for selected patients with torticollis that is refractory to botulinum toxin injections. It remains diYcult to predict in advance which patients are most likely to experience benefit. Due to sample size limitations, we could not identify significant clinical predictors of surgical outcome. However, we may generalise, based on our experience, that the best candidates for surgery are those patients with rotational or laterocollis, who responded to botulinum toxin injections at least once. Most patients may expect a benefit equal to their most successful response to botulinum toxin, and an improvement in dystonia rating scale scores of about 30% is to be anticipated. Patients with primary resistance to injections are unlikely to derive significant benefit from surgery, and patients with retrocollis are unlikely to improve.
